The growth of Tetrahyrnena piriformis W is inhibited by several steroids of mammalian origin. The degree of inhibition is related to the molecular configuration. All of the effective growth inhibitors were of the carbon-21 or pregnane series. Hydroxyl substitution at carbon-1 1 enhanced inhibition, while hydroxyl substitution at carbon-17 lowered the potency of inhibition. The inhibition of growth induced by these steroids was antagonized by stigmasterol or cholesterol. The mode of action of these compounds is discussed with regard to possible competitive inhibition with some metabolite essential for this organism.
The growth of Tetrahymena pirqormis W has been reported to be inhibited by a number of compounds which are antagonized by stigmasterol or cholesterol (Conner, 1957; Conner & Nakatani, 1958; Dewey, Heinrich & Kidder, 1958 ). An understanding of how the inhibition of such unrelated compounds as 2:&dinitrophenol (Conner, 1957) , colchicine, deoxycorticosterone (Conner, & Nakatani 1958 ) and 6-methyl purine (Dewey et ul. 1958 ) is antagonized by certain sterols has not yet been reached. It was noticed, however, that the various steroids differed in their ability to inhibit the growth of this organism, and the greater the degree of inhibition the higher the concentration of stigmasterol required to annul this effect. This led to a study of the molecular configuration of different steroids with regard to potency of biological action.
METHODS
Tetrahymenu p i r i f m i s W was grown in a modified chemically defined medium by techniques based on those developed by Kidder et al. (1951) and Dewey et al. (1951) . The composition of the medium is given in Table 1. The steroids were suspended in warm Tween 80 by the aid of a motor-driven Teflon homogenizer in preparation for testing. These solutions were sterilized separately and added aseptically while still warm. All the steroids tested were soluble to c. l o -S M in the culture medium used. The following steroids were tested at final concentrations of 1, 24,5,7*5 and 10 x 1 0 4~: two preparations of deoxycorticosterone, two samples of progesterone, two samples of cortisone, one of 11-dehydrocorticosterone, corticosterone, 17-hydroxydeoxycorticosterone, 9-&-flurocortisone, 17-hydroxycorticosterone, 1-dehydrocortisone, 1 -dehydro-17-hydroxycorticosterone, diethylstilbesterol, testosterone, estradiol (Merck, Sharp and Dohne, Inc., given by Dr L. Sarret, Rahway, New Jersey, U.S.A.).
The sterols stigmasterol (from Dr 0. Behrens, Eli Lilly Co., Indianapolis, Indiana, U.S.A.) and cholesterol (Nutritional Biochemicals, Cleveland, Ohio, U.S.A.) were added as emulsions prepared as described previously (Comer, van Wagtendonk & Miller, 1953) . These were tested at final concentrations ranging from 1 x 10-9 to 1 x 10-4~.
All tubes were inoculated with 0-1 ml. of a 1/10 dilution of a 72 hr. culture of Tetrahymena pirifmmis W. The growth period was 96 hr. and the amount of growth was estimated as an increase in optical density measured in a Lumitron colorimeter with a 650 m p filter.
All concentrations of each steroid were tested in triplicate and each experiment was repeated at least three times.
RESULTS
The steroids tested were readily divided into active and inactive groups. Inactive steroids were : testosterone, diethyl-stilboesterol, oestradiol, l-dehydrocortisone and 1-dehydro-17-hydroxycorticosterone. The steroids which inhibited the growth of Tetrahymena piriformis W could be placed in a series ranging from slightly inhibitory to highly inhibitory. Table 2 gives the percentage and range of inhibition of growth for given concentrations of steroids. growth inhibition in most experiments. Oestradiol had no effect. ? Cortisone values given here are somewhat higher than reported previously (Conner & Nakatani, 1958) . This difference is attributed to the sample of steroid used. 
DISCUSSION
Comparison of the active and inactive steroids indicates the following specificities of effect :
(1) A side chain (C-20, -21) was necessary for growth inhibition. Progesterone (see Fig, 1 for structure of compounds) was inhibitory, while testosterone and estradiol were not.
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(2) A hydroxyl grouping at C-21 enhanced inhibition. Progesterone was less inhibitory than deoxycorticosterone, (3) Substitution of a keto or hydroxyl grouping at C-11 enhanced inhibition. Corticosterone was more inhibitory than deoxycorticosterone, 11-dehydrocorticosterone more than deoxycorticosterone, 11-keto progesterone more than progesterone.
(4) Substitution of a 17-p-hydroxy grouping lowered the inhibitory response. 11-Dehydrocorticosterone was more inhibitory than cortisone, and deoxycorticos terone more than 17-~-hydroxydeoxycorticosterone. 17-pHydroxycorticosterone was not available in amounts sufficient for testing to compare with corticosterone.
1-Dehydrocortisone and 1-dehydro-l7-/?-hydroxycorticosterone were less inhibitory than cortisone.
( 6 ) Substitution in the B ring at position 9 lowered potency. 9-a-Flourocortisone is less inhibitory than cortisone. Tetrahymena piriforrnis W has been reported to contain steroid-like materials (McKee, Dutchen, Group6 & Moore, 1947; Seaman, 1950) ; from McKee's data it would appear this material is not cholesterol or stigmasterol. Perhaps these two sterols are converted to some physiologically active form. This supposition is strengthened by the findings of Holtz (1957) that a species of Tetrahymena required a sterol for growth, a requirement satisfied by cholesterol, /?-sitosterol or stigmasterol. These organisms then differ from Paramecium aurelia which is unable to utilize cholesterol (Conner & van Wagtendonk, 1955) . This may represent a greater metabolic lesion in the synthetic capacity of P. aurelia. The steroid isolated from Tetrahymena pirqormis supported the growth of P. aurelia (Conner, 1957) . Thus it would seem that a common metabolite or physiological form of the steroid exists in this group of protozoans.
The growth inhibition induced by certain of the steroids appears to be annulled by stigmasterol in a competitive fashion. Perhaps the configuration of the steroid inhibitor is related to the configuration of the steroid which is produced by the organism. It is striking that a carbonyl or hydroxyl grouping at carbon-11 greatly enhanced the degree of inhibition, while a carbon 17-/?-hydroxyl substitution decreased it.
An action of steroids on metabolism has been reported for many types of organisms, organs, tissues, cells and cellular preparations, However, the probable in vivo mode of action for only one steroid, estradiol, has been elucidated (Talalay, Hudock & Williams-Ashman, 1958) . The protozoans may provide further information about this. Investigations are at present being carried out to determine the mode of action of the inhibitory steroids on metabolism both in vivo and in vitro. 
